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AbstrAct
Immune checkpoint inhibitor blockade has vastly changed 
treatment paradigms and improved outcomes of many 
solid organ malignancies. The achievements of the last 
decade have transformed the outcomes of several tumour 
types, most notably metastatic melanoma. There are, 
however, still large numbers of patients who receive 
checkpoint inhibitor therapy and do not respond. In 
addition to potential lack of efficacy, checkpoint inhibitors 
also come with a unique and sometimes devastating side- 
effect profile. There exists a strong need for biomarkers to 
accurately predict response, improve treatment selection 
and avoid exposing patients to toxicity where there is 
minimal likelihood of response. There is a wide range 
of methodologies investigating predictive biomarkers in 
this space; in this review, we address the major putative 
biomarkers of interest. These include conventional 
serum tests such as lymphocyte indices and lactate 
dehydrogenase, and more novel research markers such 
as interleukin-6 and T receptor clonality. We discuss 
tumorous factors that may be of interest in certain tumour 
types, and finally gene expression profiling. Significant 
research continues into many of these potential predictive 
biomarkers in response to the emergent need to better 
select patients who will benefit from treatment.

Immune checkpoint inhibitor (ICI) blockade 
has vastly changed treatment paradigms and 
improved outcomes of many solid organ 
malignancies. The achievements of the last 
decade have transformed the outcomes of 
several tumour types, most notably metastatic 
melanoma. There are still large numbers of 
patients who receive ICI and do not respond, 
however, spending precious time receiving 
ineffective treatment. Even in a cancer, such 
as melanomathat is considered to be highly 
immunogenic, 24% of patients receiving 
combination checkpoint inhibitor as part of 
Checkmate 067 had progressive disease as 
their best response.1 In addition to potential 
lack of efficacy, ICI also come with a unique 
and sometimes devastating side- effect profile. 
Few oncologists would not have experienced 
the disquieting situation of treating a patient, 
particularly in the adjuvant setting, only for 
their patient to experience severe or perma-
nent autoimmune toxicity, which dramat-
ically impairs their quality of life or even 
leads to death. There exists a strong need for 

biomarkers to accurately predict response, 
improve treatment selection and avoid 
exposing patients to toxicity where there is 
minimal likelihood of response. The ideal 
biomarker would be reliably reproducible 
and cost- effective, has minimal interobserver 
variation and correlates strongly with clin-
ical outcomes. In practice, few tests have all 
of these attributes. Despite these challenges, 
the need to develop biomarkers to better 
stratify treatment approaches is more urgent 
than ever. There is a wide range of method-
ologies investigating predictive biomarkers 
in this space; here, we attempt to provide a 
comprehensive overview of those currently of 
interest.

EstablishEd biomarkErs
Pd-l1 expression
PD- L1 testing has been and remains the focus 
of extensive research, due to the coupling 
of PD- L1 biologically to agents targeting this 
pathway and due to some of the intriguing 
clinical data that have been generated. PD- L1 
immunohistochemistry (IHC) emerged as 
the companion diagnostic to PD-1 check-
point blockade largely based on the results 
of the phase III KEYNOTE 024 trial, which 
demonstrated superior outcomes for patients 
with non- small cell lung cancer (NSCLC), 
with tumour PD- L1 expression ≥50% treated 
with pembrolizumab in the first- line setting.2 
The role of PD- L1 as a predictive biomarker 
unfortunately remains complex, with incon-
sistent data between studies. The key issues 
include disparity between biopsy specimens 
and resected tumour, varying significance 
of PDL1 between tumour types and varia-
tions in the assays themselves.3–5 Disparities 
between assays are also of concern, though 
relatively good harmonisation of these has 
been demonstrated, with the exception of the 
SP142 assay.6 Gibney et al7 noted that the nega-
tive predictive value of PD- L1 status in meta-
static melanoma may be as low as 58%, refer-
encing data from the single- agent nivolumab 
arm from Checkmate 067, in PD- L1- negative 
patients.8 Alternative methods of assessing 
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tumour PD- L1 status have been explored in attempts to 
improve accuracy. PD- L1 RNA sequencing was not more 
accurate than IHC in a study of 209 patients.9 A system-
atic review of methods of PD- L1 expression analysis found 
that more sophisticated methods of PD- L1 assessment, 
such as multiplex immunofluorescence, have a greater 
positive predictive value (though comparable negative 
predictive value). Of course the advantage of IHC as a 
time- efficient and cost- efficient test is lost in this case, 
though the rapid evolution of technology may improve 
this.10 While PD- L1 expression (IHC in particular) clearly 
has a place in guiding treatment, its combination with 
other biomarkers may ultimately be needed to improve 
its predictive value. Some of these combinations will be 
discussed later.

tumour mutational burden
The predictive utility of a high number of somatic non- 
synonymous mutations, commonly referred to as tumour 
mutational burden (TMB), has also been demonstrated, 
both in the preclinical space and in clinical trial outcomes. 
The most notable of these is Checkmate 227, using a 
diagnostic limit of 10 mutations per mega base (mut/
Mb) in patients in receiving combination ICI blockade 
for NSCLC.11 12 Interestingly, in the subset analyses by 
PD- L1 expression, both of which were statistically signifi-
cant, combination of TMB with PD- L1 status of ≥1% did 
not appear to confer additive progression- free survival 
(PFR) benefit in patients treated with ipilimumab and 
nivolumab (HR 0.62 in patients with PD- L1 ≥1% vs 0.48 
for those PD- L1 negative). This result was consistent with 
the findings of Checkmate 568, where PFS according to 
TMB appeared to be independent of PD- L1 status.13 14

Like PD- L1 expression, TMB is not a binary marker, 
and its predictive capacity differs between tumour types.15 
It should be noted that patients with a low TMB have 
responded favourably to ICI, further confounding the 
predictive value to this individual test.

Many patients will have access to targeted molecular 
profiling of tumour- specific relevant mutations (eg, 
Epidermal Growth Factor Receptor (EGFR) in NSCLC), 
but few patients readily have access to more complex 
testing, such as whole exome sequencing, which is 
required for an accurate assessment of TMB. Commercial 
next- generation sequencing platforms are now well devel-
oped, some of which include algorithms to estimate TMB. 
These represent an attractive option given the scale of 
testing and ability to use archival formalin- fixed paraffin- 
embedded tissue, but come at a significant per- patient 
cost that may limit universal availability.

mismatch repair deficiency
The third established biomarker is mismatch repair defi-
ciency (dMMR). The results of five single- arm studies of 
pembrolizumab in MMR- deficient/microsatellite insta-
bility (MSI)- high cancers led to the first tumour agnostic 
regulatory approval for an anticancer drug worldwide.16 
These studies included 90 patients with dMMR/MSI- high 

colorectal cancer and 59 with other dMMR/MSI- high 
cancers, with an overall response rate (ORR) across 
tumour types of 39.6%. The most impressive outcomes 
for patients with dMMR colorectal cancer are perhaps 
from early results from Checkmate 142, where patients 
receiving ipilimumab and nivolumab had an objective 
response rate of 60% and a 12- month survival rate of 
83%.17 Despite these compelling results, a significant 
number of patients did not respond to ICI in these trials. 
Among multiple possible explanations for this, inaccurate 
interpretation of either MMR IHC or MSI PCR results 
may have actually contributed to the predictive nature of 
the ‘test’, especially where only one method of testing has 
been used.18 MMR deficiency may in fact be a stronger 
predictor than currently thought, in the presence of accu-
rate diagnostic processes.

NEw biomarkErs
Conventional serum indices
Lymphocyte indices
Serum indices are an attractive biomarker, given their 
non- invasive means of sampling. Absolute lymphocyte 
count has been postulated in several retrospective studies 
to be predictive of benefit; as small studies, some with 
no comparator arm, these do not clearly differentiate a 
predictive capacity over a prognostic role as yet.19–21 For 
many years, the value of neutrophil- to- lymphocyte ratio 
(NLR) has been noted as a poor prognostic marker in 
various cancer types. More recently, it has also been 
suggested as a predictor of outcome from immuno-
therapy (see online supplementary table). Saravia et al22 
reported that NLR may complement the use of PD- L1 
status in patients with NSCLC, based on the retrospec-
tive categorisation of cases by PD- L1 status and NLR 
using a cut- off ratio of 5. Patients were categorised into 
good (high PD- L1, low NLR), bad (low PD- L1, high 
NLR) or intermediate (either high PD- L1 or low NLR). 
The authors demonstrated that high PD- L1/low NLR 
predicted for better outcomes, while low PD- L1/high 
NLR was a predictor of lack of response.22 Of note, they 
did not examine NLR independently of PD- L1. Another 
group demonstrated that the prognostic value of NLR 
was significant in patient with a TMB >10 mut/Mb, but 
not in patients with a low TMB, using an alternative NLR 
ratio cut- off of 2.5.23 Other authors suggested a predictive 
capacity independent of other markers.24–26 While these 
results are of interest, care should be taken not to overin-
terpret these retrospective studies until more robust data 
demonstrating a predictive, and not just prognostic, value 
are available.

One study of particular interest used prospectively 
collected data obtained from an ipilimumab access 
programme, with 720 patients with metastatic mela-
noma, and categorised them according to high neutro-
phil count and elevated NLR. In a multivariate analysis, 
they reported a HR of 2.29 (CI 1.86 to 2.82) for risk of 
death, and 2.03 (CI 1.66 to 2.47) for progression, in 
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patients with a NLR of ≥3 (p<0.0001). Patients with both 
an elevated absolute neutrophil count (ANC) (7500 or 
greater) and an elevated NLR had a 1- year survival rate 
of 2% compared with 43% for those without an elevated 
neutrophil count or NLR.26 Although it remains unclear 
whether this represents a predictive in addition to a prog-
nostic benefit, these results warrant further prospective 
investigation.

Lactate dehydrogenase
Elevated lactate dehydrogenase (LDH) is well- documented 
as an adverse prognostic marker in a number of cancers, 
most notably in melanoma.27 It has also been evaluated in 
the same setting as a predictive marker. Kelderman et al28 
demonstrated an inverse relationship between survival 
and elevated LDH in patients treated with ipilimumab. 
Nosrati et al29 reported an OR of 0.48 (CI 0.25 to 0.90) for 
elevated LDH and radiological response to ipilimumab, 
using a ratio derived by dividing the patient’s value by the 
institutional upper limit of normal. They incorporated 
this into a predictive scale for response to PD-1 check-
point blockade, which they subsequently validated.29 In 
the prospective study by Ferrucci described earlier, the 
authors performed a subgroup analysis in patients where 
LDH was available. When patient had all three stratifica-
tion factors of elevated ANC, NLR and LDH, the HR for 
death rose to 13.24 (8.10–21.66<0.0001).26 Mezquita et 
al30 reported similar data using a combination of pretreat-
ment NLR and LDH in patients with NSCLC. Although 
we already know these factors to be prognostic, these 
results perhaps also suggest that we should factor these 
indices into our assessment and counselling of a patient 
who is considering starting ICI therapies.

tumorous factors
Epstein-Barr virus: gastric cancer
Cancers driven by oncogenic viruses possess a high 
neoantigen load, higher rate of immune signatures and 
high response rates to ICI therapy.31 32 In cancers with an 
extremely high prevalence of an oncogenic virus, it may 
not be relevant to test for this. In cancers only a subset 
is virally driven; however, this may be a useful predictor 
of response. For example, a subset of gastric cancers 
has been shown to respond favourably to ICI blockade. 
Molecular characterisation of gastric cancers via the 
Cancer Genome Atlas revealed a subset of Epstein- Barr 
virus (EBV)- positive gastric cancers, which are character-
ised by immune cell infiltration. They commonly display 
genomic amplification of the genes encoding for the T 
cell signalling ligands PD- L1 and PD- L2.33 A small but 
robust Korean study of 61 patients with gastric cancer 
treated with pembrolizumab highlighted the relevance 
of EBV positivity using EBV DNA sequence profiling. 
Six patients were EBV positive, and they were mutually 
exclusive with the MSI- high cohort. All six patients had a 
partial response to pembrolizumab, with a median dura-
tion of response of 8.5 months.34 Based on these data, this 
approach is being formally tested in a prospective clinical 

trial specifically targeting EBV- positive gastric cancer, irre-
spective of PD- L1 status (NCT03755440).

Tumour infiltrating lymphocytes
The prognostic value of tumorous lymphocytic infiltra-
tion, under various names, has been observed for some 
years across a variety of tumour types.35–37 Biologically it 
seems intuitive that the presence of lymphocytes either 
at the tumour bed or within the tumour itself is indica-
tive of immune recognition and trafficking, and that this 
would therefore increase the likelihood of a favourable 
response to ICI. Tumeh et al38 demonstrated a correla-
tion between pretreatment CD8+ cell infiltrate and radi-
ological response in patients with metastatic melanoma, 
using subset data from the KEYNOTE 001 study. They 
further validated their findings using a small, separate 
blinded data set. Daud et al39 contributed further to this 
picture, reporting a statistically significant correlation 
between an increased fraction of CD8+ lymphocytes 
expressing CTLA-4 and PD-1 in pretreatment samples, 
and response to single- agent PD-1 inhibitor therapy. This 
was achieved using flow cytometry of immune cells rather 
than a morphological approach using IHC, which they 
concluded may be difficult to discern on small biopsy 
specimens, particularly if relation to tumorous margin 
is required.39 These studies, both in melanoma, add 
credence to the hypothesis that the number and location 
of lymphocytes could accurately predict for response, 
perhaps regardless of method of immune infiltrate anal-
ysis. Tumour infiltrating lymphocytes (TILs) may in fact 
be localised to the stroma, tumour or lymph nodes, and 
they require careful, standardised assessment. Other 
immune cells may also be present, and their significance 
and therefore reporting remain undefined.40 Of course, 
H&E staining does not provide more nuanced infor-
mation about functional status or T cell subsets. TILs 
require further validation but hold promise as a reliable 
biomarker of immunotherapy response.

host factors
Gut microbiome
Several seminal papers examining the influence of gut 
microbiota on response to checkpoint inhibitor therapy 
were concurrently published in 2018. This work indi-
cated that a greater diversity of faecal microbiota, as well 
as specific composition may be associated with response 
to ICI. Matson et al41 demonstrated significant differ-
ences in the composition of commensal organisms in the 
faecal microbiota of patients with metastatic melanoma in 
responders versus non- responders. Specifically, they noted 
that an abundance of certain species was associated with a 
favourable clinical response. Gopalakrishnan et al42 exam-
ined a population of patients with metastatic melanoma, 
finding that responders were characterised by increased 
commensal diversity. Notably, there are two bodies of 
work contrast in that the Matson et al41 reported an abun-
dance of Bifidobacterium longum, Collinsella aerofaciens and 
Enterococcus faecium in the microbiota of responders, and 
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Rumincoccus as abundant in non- responders, whereas 
Gopalakrishnan et al42 reported Ruminococcacae species 
as associated with response. There are methodological 
differences that likely account for this, but this serves as 
a caution for unqualified overinterpretation of signifi-
cance of certain species. Other groups have described 
differing predominant species in responders versus non- 
responders, but generally it seems that microbiome diver-
sity is positively associated with a clinical response.43 44 
At this point, the use of this as a predictive biomarker is 
impractical in both sampling analysis and application to 
clinical practice; but the evidence base supporting micro-
biota’s composition in modulating the immune response 
continues to grow, and at least in these authors’ opinions 
it appears compelling.

Genetic polymorphisms
There is a growing body of research into various non- 
modifiable host factors. For example, HLA class I geno-
typing has been examined, suggesting improved survival 
in patient with maximal heterozygosity at HLA class I 
loci.45 Other work has examined single nucleotide poly-
morphisms; for example, a more favourable response to 
CTLA-4 therapy was observed in patients with inflamed 
melanoma, with the CD16AV158F polymorphism in the 
gene encoding for the FcγR, which results in increased 
binding affinity of immunoglobulin G.46 Ongoing inves-
tigation of the complex interplay of immune signalling 
may equip us to better understand its biological function, 
but it appears unlikely to be applicable for individual 
patient- centred predictive markers.

research markers
Interleukin-6
There is an increasing appreciation of the significance 
of the cytokine milieu within the tumour microenviron-
ment. Interleukin-6 (IL-6) plays a role in both T cell traf-
ficking and priming, and it has been considered a barrier 
to effective tumour killing.47 Preclinical studies suggest 
an augmented response to PD-1 inhibition in a murine 
model deficient in IL-6.48 Using the clinical data set from 
Checkmate 064, Weber et al49 described a prognostic 
value of IL-6, with patients with elevated levels at baseline 
having a shorter survival. They also described a correla-
tion between baseline IL-6 level and response in patients 
who received ipilimumab and nivolumab, and addition-
ally noted a correlation with C- reactive protein (CRP) 
in some but not all of their data set. The authors are 
careful to make the distinction that they demonstrated a 
prognostic relationship, but that the predictive capacity 
requires further delineation.49

T cell receptor clonality
The diversity of T cell receptor (TCR) populations 
may alter the response to ICI. Further to their work on 
TILs described earlier, Tumeh et al38 found that a more 
restricted repertoire of TCR beta chain regions in the 
peritumorous lymphocytes of patients responding to 

PD-1 inhibitor therapy versus those who did not. Patients 
who did respond had a greater than 10- fold clonal expan-
sion of their existing TCR sequences, which suggests a 
stronger tumour- antigen- specific T cell response. Inter-
estingly, this did not correlate well with density, perhaps 
suggesting that patients without TILs may still have a 
strong, tumour- specific response. Postow et al50 also 
examined TCR diversity in a pilot study of 12 patients 
with metastatic melanoma who were treated with CTLA-4 
inhibitor therapy. Instead of peritumorous lymphocytes, 
however, they analysed peripheral blood TCR diversity. 
Their results were markedly different, finding that higher 
TCR evenness (indicative of clonality) correlated posi-
tively with PFS (though not overall survival).50 Whether 
this difference reflects the different roles of lymphocytes 
in the periphery versus the tumour, or simply studies of 
small numbers and different methodologies is unclear. It 
seems biologically plausible that increased TCR clonality, 
particularly at the tumour bed, might generate a stronger 
immunological response, but larger confirmatory studies 
correlated with clinical outcomes will be required to 
answer this question.

Peripheral blood PD-1/PD-L1
The idea of peripheral assessment of PD-1 by various 
methods as a type of ‘liquid biopsy’ is very attractive, 
however published data is limited. Arrieta et al51 exam-
ined the peripheral blood lymphocyte subsets in 70 
treatment- naïve patients with NSCLC and found that 
higher PD-1, PD- L1 and PD- L2 expression on lympho-
cytes was negatively associated with prognosis. Gros et 
al52 were able to demonstrate neoantigen- specific PD-1+ 
CD8 T cells in the peripheral blood of patients with mela-
noma. There is inadequate data to date to conclude 
that PD- L1 on peripheral lymphocytes is reliably associ-
ated with response to ICI. Given the interest and value 
provided by peripheral blood- based biomarker testing, 
the evidence base and utility of PDL1 will undoubtedly 
evolve quickly; but at this stage data remain limited and 
focus is still needed on developing the assays to provide 
consistency in interpretation.

Cell-free DNA
As discussed earlier, the difficulty in accessing tissue 
biopsy for some patients has compelled exploration of 
established biomarker testing using peripheral blood. 
Gandara et al53 reported a positive correlation of a cell- 
free DNA (cfDNA) next- generation sequencing method 
compared with tissue TMB, using a novel assay. While 
there appeared to be some variations depending on the 
tissue TMB assays used, they were able to demonstrate a 
positive predictive value of cfDNA (compared with tissue 
TMB) of 93.5%.53 Using data from the POPLAR and OAK 
studies they were able to demonstrate that blood TMB 
may have utility as a predictive marker in their validation 
cohort, using a cut- off of ≥16 mut/Mb. Wang et al54 have 
demonstrated superior outcomes (ORR and PFS) using 
a targeted cancer gene panel with a TMB cut- off of 6 



Open access

5Burdett N, Desai J. ESMO Open 2020;5:e000597. doi:10.1136/esmoopen-2019-000597 Burdett N, Desai J. ESMO Open 2020;5:e000597. doi:10.1136/esmoopen-2019-000597

mut/Mb in a NSCLC cohort. In contrast, however, early 
results of the NEPTUNE trial did not indicate a predictive 
capacity, and this was using a higher cut- off of 20 mut/
Mb. Whether this is due to the utility of the therapies 
themselves, the platforms or methodology used to calcu-
late TMB is unclear.55 These results are interesting and 
warrant further investigation, but methodology is varied 
and a lack of consensus on definitions limits immediate 
clinical applicability. Incorporating cfDNA collection into 
clinical trials may allow further validation of this, as well 
as ascertainment of optimal cut- offs as is already being 
done.56

Gene expression profiling
PTEN inactivation
Loss of function of the tumour suppressor gene PTEN can 
occur by several genomic mechanisms, and it results in 
increased activation of the PI3K- AKT pathway, which is 
involved in cellular proliferation and survival processes. 
PTEN inactivation results in increased VEGF and other 
immune suppressive cytokines, leading to recruitment of 
immune suppressing cells, particularly T regulatory cells, 
to the tumour microenvironment.57 58 Miao et al59 demon-
strated the relevance of inactivating PTEN mutations in 
their study of whole exome sequencing of 249 solid organ 
tumours. They observed clustering of patients with inacti-
vating PTEN mutations in patients with primary resistance 
to ICI, confirming prior preclinical observations.58–60 It 
seems premature to consider targeted sequencing for 
PTEN alterations alone as a negative predictor of immuno-
therapy response, however in patients where sequencing 
has occurred either within research projects or via self- 
funded commercial testing, this finding might influence 
the recommendation for ICI therapy.

POLE mutations
Certain genomic mutations are uncommon but are highly 
significant for the small cohort of patients in whom these 
are present. Mutations within the DNA proofreading poly-
merase ɛ gene, POLE, most notably found in endometrial 
cancer, are one such example. Tumours with mutated 
POLE exhibit an ultramutated phenotype (232×10−⁶ 
mut/Mb) with a high neoantigen load. The number of 
mutations far exceed those found even in other hypermu-
tated cancers, including microsatellite instable tumours 
(18×10−⁶ mut/Mb). There is accumulating evidence that 
they appear to have a more favourable prognosis.61–63 
Limited available data also suggest a favourable response 
to ICI.64 65 They are rarer in other tumour types, but have 
been observed in NSCLC and colorectal cancer, with 
similar favourable outcomes.11 66–68 While the biological 
rationale is compelling for the predictive value of POLE 
mutations, robust clinical data are lacking at present to 
conclusively affirm this.

KRAS/STK11 co-mutation
Another example of rare but significant genomic 
mutations are the specific subset of patients with lung 

adenocarcinoma whose tumour harbours both a KRAS 
mutation and an STK11/LKB1 mutation, the latter being 
a tumour suppressor gene that modulates the mTOR 
pathway. Using a cohort of 174 patients with KRAS mutant 
lung adenocarcinoma, most treated with PD-1 inhibitor 
monotherapy, Skoulidis et al69 described a poor ORR in 
patients with co- mutations of just 7.4%, compared with 
those co- mutated with p53 or alone (35.7% and 28.6%, 
respectively), as well as superior survival. A study moni-
toring cfDNA on checkpoint inhibitor therapy also noted 
a poorer response in patients with STK11 mutations 
without specifically looking at the co- mutation, though 
these observations are not confirmed to be meaningfully 
predictive in isolation.70 71

Mutational signatures
Whole exome sequencing may reveal patterns of somatic 
mutations causing base changes, which generate a char-
acteristic transcriptional signature. These signatures have 
been validated in large reference libraries and they are 
observed to occur in response to certain carcinogenic 
processes such as environmental exposures. In some 
cases, they may also provide information about likelihood 
of response to treatment.72 73

The search for unique gene signatures that are highly 
predictive for response to immunotherapy has been 
published by multiple researchers. Ock et al32 described 
a unique immune signature, using 105 genes that were 
significantly associated with treatment response in a 
phase II immunotherapy trial, and demonstrated that 
this signature could differentiate responders versus non- 
responders to CTLA-4 inhibitor therapy in melanoma 
specimens. This also appeared to be correlated with PFS 
and overall survival.32 74

Interferon- gamma (IFN-ɣ) is an important mediator 
of the tumour microenvironment, as a determinant of 
PD- L1 expression and other immune suppressive mole-
cules. It appears that IFN- related gene expression may be 
a robust marker of immunotherapy response. Ayers et al75 
identified and validated an IFN-ɣ gene expression profile 
across nine cancer types, which was necessary but not 
always sufficient for response to PD-1 inhibitor therapy. 
Clinical proof of this concept is demonstrated in the 
phase II POPLAR trial, where patients with an elevated 
T- cell effector–IFN-ɣ signature had superior overall 
survival (HR of 0.43 (CI 0·24 to 0·77)).76

CoNClusioNs
Due to the rapid pace of discovery and wide breadth of 
medical literature, covering all putative biomarkers is not 
possible. A diverse selection of potential biomarkers are 
being studied which have not been covered here, from 
widely available tests such as CRP, to research markers 
such as B7- H4 IHC and to extremely novel factors such 
as CT- assessed macroangiopathy and morphomics.49 77–79 
It should be acknowledged that many of the suggested 
biomarkers are factors that correlate indirectly with levels 
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of inflammation and performance status, which have 
stood the test of time as robust markers both determining 
prognosis and predicting for response to any anticancer 
therapy, not just ICI.

While significant research effort continues into predic-
tors of response, the majority of newer biomarkers are far 
from validation in prospective cohorts, let alone appro-
priate for use in clinical practice to determine whether 
to use ICI in an individual patient. Our understanding of 
the incredible complexity of the dynamic processes medi-
ating the immune response to cancer remains limited, 
at least as far as application of simple assessments of 
individual biomarkers in clinical practice. That said, the 
translational interface between laboratory and clinical 
medicine is closer than ever before, due to the exponen-
tial pace of technological discovery carefully applied to 
more coordinated and strategic approaches. Inclusion of 
translational substudies within prospective clinical trials 
to validate suspected biomarkers will also add greatly to 
our current knowledge.

In the meantime, judicious selection of patients for ICI 
based on our current knowledge remains appropriate. 
Established biomarkers, such as PD- L1 status, TMB and 
MMR status, along with patient factors, and consider-
ation to some of the exploratory biomarkers discussed 
here, should inform patient selection until we have more 
refined predictors to guide practice.

Contributors NB and JD planned the manuscript equally. NB drafted the 
manuscript and submitted the manuscript. NB and JD edited the final draft and 
subsequently responded to reviewer queries. JD assumes senior authorship and he 
is the corresponding author.

The authors have not declared a specific grant for this research from any funding 
agency in the public, commercial or not- for- profit sectors.

Competing interests Other disclosures are listed on the ICMJE form for Dr Desai.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, any changes made are indicated, and the use is non- commercial. 
See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

orCid id
Nikki Burdett http:// orcid. org/ 0000- 0001- 8581- 2048

RefeRences
 1 Wolchok JD, Chiarion- Sileni V, Gonzalez R, et al. Overall survival with 

combined nivolumab and ipilimumab in advanced melanoma. N Engl 
J Med 2017;377:1345–56.

 2 Reck M, Rodríguez- Abreu D, Robinson AG, et al. Pembrolizumab 
versus chemotherapy for PD- L1- positive non- small- cell lung cancer. 
N Engl J Med 2016;375:1823–33.

 3 Ilie M, Long- Mira E, Bence C, et al. Comparative study of the 
PD- L1 status between surgically resected specimens and 
matched biopsies of NSCLC patients reveal major discordances: 
a potential issue for anti- PD- L1 therapeutic strategies. Ann Oncol 
2016;27:147–53.

 4 Kluger HM, Zito CR, Turcu G, et al. PD- L1 studies across tumor 
types, its differential expression and predictive value in patients 
treated with immune checkpoint inhibitors. Clin Cancer Res 
2017;23:4270–9.

 5 Hirsch FR, McElhinny A, Stanforth D, et al. PD- L1 
immunohistochemistry assays for lung cancer: results from phase 
1 of the blueprint PD- L1 IHC assay comparison project. J Thorac 
Oncol 2017;12:208–22.

 6 Tsao MS, Kerr KM, Kockx M, et al. PD- L1 immunohistochemistry 
comparability study in real- life clinical samples: results of blueprint 
phase 2 project. J Thorac Oncol 2018;13:1302–11.

 7 Gibney GT, Weiner LM, Atkins MB. Predictive biomarkers for 
checkpoint inhibitor- based immunotherapy. Lancet Oncol 
2016;17:e542–51.

 8 Larkin J, Chiarion- Sileni V, Gonzalez R, et al. Combined nivolumab 
and ipilimumab or monotherapy in untreated melanoma. N Engl J 
Med 2015;373:23–34.

 9 Conroy JM, Pabla S, Nesline MK, et al. Next generation sequencing 
of PD- L1 for predicting response to immune checkpoint inhibitors. J 
Immunother Cancer 2019;7:18.

 10 Lu S, Stein JE, Rimm DL, et al. Comparison of biomarker modalities 
for predicting response to PD-1/PD- L1 checkpoint blockade: 
a systematic review and meta- analysis. JAMA Oncol 2019. 
doi:10.1001/jamaoncol.2019.1549. [Epub ahead of print: 18 Jul 
2019].

 11 Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology. 
mutational landscape determines sensitivity to PD-1 blockade in 
non- small cell lung cancer. Science 2015;348:124–8.

 12 Hellmann MD, Ciuleanu T- E, Pluzanski A, et al. Nivolumab plus 
ipilimumab in lung cancer with a high tumor mutational burden. N 
Engl J Med 2018;378:2093–104.

 13 Ready N, Hellmann MD, Awad MM, et al. First- Line nivolumab plus 
ipilimumab in advanced non- small- cell lung cancer (CheckMate 
568): outcomes by programmed death ligand 1 and tumor mutational 
burden as biomarkers. J Clin Oncol 2019;37:992–1000.

 14 Addeo A, Banna GL, Weiss GJ. Tumor mutation Burden- From hopes 
to doubts. JAMA Oncol 2019;5:934–5.

 15 Samstein RM, Lee C- H, Shoushtari AN, et al. Tumor mutational load 
predicts survival after immunotherapy across multiple cancer types. 
Nat Genet 2019;51:202–6.

 16 Marcus L, Lemery SJ, Keegan P, et al. FDA approval summary: 
pembrolizumab for the treatment of microsatellite instability- high 
solid tumors. Clin Cancer Res 2019;25:clincanres:3753–8.

 17 Lenz H- JJ, Van Cutsem E, Limon ML, et al. Durable clinical benefit 
with nivolumab (NIVO) plus low- dose ipilimumab (IPI) as first- line 
therapy in microsatellite instability- high/mismatch repair deficient 
(MSI- H/dMMR) metastatic colorectal cancer (mCRC). Ann Oncol 
2018;29:mdy424:viii714.

 18 Cohen R, Hain E, Buhard O, et al. Association of primary resistance 
to immune checkpoint inhibitors in metastatic colorectal cancer 
with misdiagnosis of microsatellite instability or mismatch repair 
deficiency status. JAMA Oncol 2019;5:551–5.

 19 Karantanos T, Karanika S, Seth B, et al. The absolute lymphocyte 
count can predict the overall survival of patients with non- small 
cell lung cancer on nivolumab: a clinical study. Clin Transl Oncol 
2019;21:206–12.

 20 Maltese M, Panni S, Lazzarelli S, et al. High baseline lymphocyte 
count is a predictive biomarker of prolonged time to progression in 
patients with advanced solid tumors receiving checkpoint inhibitors. 
J Clin Oncol 2017;35:e14532.

 21 Ho WJ, Yarchoan M, Hopkins A, et al. Association between 
pretreatment lymphocyte count and response to PD1 inhibitors in 
head and neck squamous cell carcinomas. J Immunother Cancer 
2018;6:84.

 22 Saravia D, Okabe N, Park W, et al. Neutrophil- lymphocyte- ratio to 
complement the prediction ability of PD- L1 expression for outcomes 
in patients with advanced non- small cell lung cancer treated with 
PD-1/PD- L1 inhibitors. J Clin Oncol 2018;36:e15102.

 23 Ren F, Zhao T, Liu B, et al. Neutrophil- Lymphocyte ratio (NLR) 
predicted prognosis for advanced non- small- cell lung cancer 
(NSCLC) patients who received immune checkpoint blockade (ICB). 
Onco Targets Ther 2019;12:4235–44.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8581-2048
http://dx.doi.org/10.1056/NEJMoa1709684
http://dx.doi.org/10.1056/NEJMoa1709684
http://dx.doi.org/10.1056/NEJMoa1606774
http://dx.doi.org/10.1093/annonc/mdv489
http://dx.doi.org/10.1158/1078-0432.CCR-16-3146
http://dx.doi.org/10.1016/j.jtho.2016.11.2228
http://dx.doi.org/10.1016/j.jtho.2016.11.2228
http://dx.doi.org/10.1016/j.jtho.2018.05.013
http://dx.doi.org/10.1016/S1470-2045(16)30406-5
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1056/NEJMoa1504030
http://dx.doi.org/10.1186/s40425-018-0489-5
http://dx.doi.org/10.1186/s40425-018-0489-5
http://dx.doi.org/10.1001/jamaoncol.2019.1549
http://dx.doi.org/10.1126/science.aaa1348
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1200/JCO.18.01042
http://dx.doi.org/10.1001/jamaoncol.2019.0626
http://dx.doi.org/10.1038/s41588-018-0312-8
http://dx.doi.org/10.1158/1078-0432.CCR-18-4070
http://dx.doi.org/10.1093/annonc/mdy424.019
http://dx.doi.org/10.1001/jamaoncol.2018.4942
http://dx.doi.org/10.1007/s12094-018-1908-2
http://dx.doi.org/10.1200/JCO.2017.35.15_suppl.e14532
http://dx.doi.org/10.1186/s40425-018-0395-x
http://dx.doi.org/10.1200/JCO.2018.36.15_suppl.e15102
http://dx.doi.org/10.2147/OTT.S199176


Open access

7Burdett N, Desai J. ESMO Open 2020;5:e000597. doi:10.1136/esmoopen-2019-000597 Burdett N, Desai J. ESMO Open 2020;5:e000597. doi:10.1136/esmoopen-2019-000597

 24 Wang X, Fu W, Hu C, et al. P2.01-103 neutrophil- to- lymphocyte ratio 
as a predictor of immunotherapy treatment outcomes in advanced 
non- small lung cancer. J Thorac Oncol 2018;13:S704–5.

 25 Soyano AE, Dholaria B, Marin- Acevedo JA, et al. Peripheral blood 
biomarkers correlate with outcomes in advanced non- small cell lung 
cancer patients treated with anti- PD-1 antibodies. J Immunother 
Cancer 2018;6:129.

 26 Ferrucci PF, Ascierto PA, Pigozzo J, et al. Baseline neutrophils and 
derived neutrophil- to- lymphocyte ratio: prognostic relevance in 
metastatic melanoma patients receiving ipilimumab. Ann Oncol 
2016;27:732–8.

 27 Manola J, Atkins M, Ibrahim J, et al. Prognostic factors in metastatic 
melanoma: a pooled analysis of eastern cooperative Oncology Group 
trials. J Clin Oncol 2000;18:3782–93.

 28 Kelderman S, Heemskerk B, van Tinteren H, et al. Lactate 
dehydrogenase as a selection criterion for ipilimumab treatment in 
metastatic melanoma. Cancer Immunol Immunother 2014;63:449–58.

 29 Nosrati A, Tsai KK, Goldinger SM, et al. Evaluation of 
clinicopathological factors in PD-1 response: derivation and 
validation of a prediction scale for response to PD-1 monotherapy. Br 
J Cancer 2017;116:1141–7.

 30 Mezquita L, Auclin E, Ferrara R, et al. Association of the lung immune 
prognostic index with immune checkpoint inhibitor outcomes in 
patients with advanced non- small cell lung cancer. JAMA Oncol 
2018;4:351–7.

 31 Topalian SL, Taube JM, Anders RA, et al. Mechanism- driven 
biomarkers to guide immune checkpoint blockade in cancer therapy. 
Nat Rev Cancer 2016;16:275–87.

 32 Ock C- Y, Hwang J- E, Keam B, et al. Genomic landscape associated 
with potential response to anti- CTLA-4 treatment in cancers. Nat 
Commun 2017;8:1050.

 33 Cancer Genome Atlas Research Network. Comprehensive molecular 
characterization of gastric adenocarcinoma. Nature 2014;513:202–9.

 34 Kim ST, Cristescu R, Bass AJ, et al. Comprehensive molecular 
characterization of clinical responses to PD-1 inhibition in metastatic 
gastric cancer. Nat Med 2018;24:1449–58.

 35 Galon J, Costes A, Sanchez- Cabo F, et al. Type, density, and location 
of immune cells within human colorectal tumors predict clinical 
outcome. Science 2006;313:1960–4.

 36 Denkert C, von Minckwitz G, Darb- Esfahani S, et al. Tumour- 
infiltrating lymphocytes and prognosis in different subtypes of breast 
cancer: a pooled analysis of 3771 patients treated with neoadjuvant 
therapy. Lancet Oncol 2018;19:40–50.

 37 Fortes C, Mastroeni S, Mannooranparampil TJ, et al. Tumor- 
infiltrating lymphocytes predict cutaneous melanoma survival. 
Melanoma Res 2015;25:306–11.

 38 Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces 
responses by inhibiting adaptive immune resistance. Nature 
2014;515:568–71.

 39 Daud AI, Loo K, Pauli ML, et al. Tumor immune profiling predicts 
response to anti- PD-1 therapy in human melanoma. J Clin Invest 
2016;126:3447–52.

 40 Hendry S, Salgado R, Gevaert T, et al. Assessing tumor- infiltrating 
lymphocytes in solid tumors: a practical review for pathologists and 
proposal for a standardized method from the International Immuno- 
Oncology biomarkers Working group: Part 2: TILs in melanoma, 
gastrointestinal tract carcinomas, non- small cell lung carcinoma 
and mesothelioma, endometrial and ovarian carcinomas, squamous 
cell carcinoma of the head and neck, genitourinary carcinomas, and 
primary brain tumors. Adv Anat Pathol 2017;24:311.

 41 Matson V, Fessler J, Bao R, et al. The commensal microbiome is 
associated with anti- PD-1 efficacy in metastatic melanoma patients. 
Science 2018;359:104–8.

 42 Gopalakrishnan V, Spencer CN, Nezi L, et al. Gut microbiome 
modulates response to anti- PD-1 immunotherapy in melanoma 
patients. Science 2018;359:97–103.

 43 Jin Y, Dong H, Xia L, et al. The diversity of gut microbiome is 
associated with favorable responses to Anti- Programmed death 1 
immunotherapy in Chinese patients with NSCLC. J Thorac Oncol 
2019;14:1378–89.

 44 Chaput N, Lepage P, Coutzac C, et al. Baseline gut microbiota 
predicts clinical response and colitis in metastatic melanoma 
patients treated with ipilimumab. Ann Oncol 2017;28:1368–79.

 45 Chowell D, Morris LGT, Grigg CM, et al. Patient HLA class I genotype 
influences cancer response to checkpoint blockade immunotherapy. 
Science 2018;359:582–7.

 46 Arce Vargas F, Furness AJS, Litchfield K, et al. Fc effector function 
contributes to the activity of human anti- CTLA-4 antibodies. Cancer 
Cell 2018;33:649–63. e4.

 47 Fisher DT, Appenheimer MM, Evans SS. The two faces of IL-6 in the 
tumor microenvironment. Semin Immunol 2014;26:38–47.

 48 Ohno Y, Toyoshima Y, Yurino H, et al. Lack of interleukin-6 in 
the tumor microenvironment augments type-1 immunity and 
increases the efficacy of cancer immunotherapy. Cancer Sci 
2017;108:1959–66.

 49 Weber JS, Tang H, Hippeli L, et al. Serum IL-6 and CRP as 
prognostic factors in melanoma patients receiving single agent and 
combination checkpoint inhibition. J Clin Oncol 2019;37:100.

 50 Postow MA, Manuel M, Wong P, et al. Peripheral T cell receptor 
diversity is associated with clinical outcomes following ipilimumab 
treatment in metastatic melanoma. J Immunother Cancer 2015;3:23.

 51 Arrieta O, Montes- Servín E, Hernandez- Martinez J- M, et al. 
Expression of PD-1/PD- L1 and PD- L2 in peripheral T- cells from non- 
small cell lung cancer patients. Oncotarget 2017;8:101994–2005.

 52 Gros A, Parkhurst MR, Tran E, et al. Prospective identification 
of neoantigen- specific lymphocytes in the peripheral blood of 
melanoma patients. Nat Med 2016;22:433–8.

 53 Gandara DR, Paul SM, Kowanetz M, et al. Blood- based tumor 
mutational burden as a predictor of clinical benefit in non- small- 
cell lung cancer patients treated with atezolizumab. Nat Med 
2018;24:1441–8.

 54 Wang Z, Duan J, Cai S, et al. Assessment of blood tumor mutational 
burden as a potential biomarker for immunotherapy in patients with 
non- small cell lung cancer with use of a next- generation sequencing 
cancer gene panel. JAMA Oncol 2019;5:696–702.

 55 Update on the Phase III NEPTUNE trial of Imfinzi plus tremelimumab 
in Stage IV non- small cell lung cancer [press release]. AstraZeneca 
2019.

 56 Peters S, Cho BC, Reinmuth N, et al. Abstract CT074: 
tumor mutational burden (TMB) as a biomarker of survival in 
metastatic non- small cell lung cancer (mNSCLC): blood and 
tissue TMB analysis from MYSTIC, a phase III study of first- line 
durvalumab±tremelimumab vs chemotherapy. AACR 2019.

 57 Song MS, Salmena L, Pandolfi PP. The functions and regulation of 
the PTEN tumour suppressor. Nat Rev Mol Cell Biol 2012;13:283–96.

 58 Peng W, Chen JQ, Liu C, et al. Loss of PTEN promotes resistance to 
T cell- mediated immunotherapy. Cancer Discov 2016;6:202–16.

 59 Miao D, Margolis CA, Vokes NI, et al. Genomic correlates of response 
to immune checkpoint blockade in microsatellite- stable solid tumors. 
Nat Genet 2018;50:1271–81.

 60 George S, Miao D, Demetri GD, et al. Loss of PTEN is associated 
with resistance to anti- PD-1 checkpoint blockade therapy in 
metastatic uterine leiomyosarcoma. Immunity 2017;46:197–204.

 61 Cancer Genome Atlas Research Network, Kandoth C, Schultz N, 
et al. Integrated genomic characterization of endometrial carcinoma. 
Nature 2013;497:67–73.

 62 Britton H, Huang L, Lum A, et al. Molecular classification defines 
outcomes and opportunities in young women with endometrial 
carcinoma. Gynecol Oncol 2019;153:487–95.

 63 Howitt BE, Shukla SA, Sholl LM, et al. Association of polymerase 
e- Mutated and Microsatellite- Instable endometrial cancers with 
neoantigen load, number of tumor- infiltrating lymphocytes, and 
expression of PD-1 and PD- L1. JAMA Oncol 2015;1:1319–23.

 64 Mehnert JM, Panda A, Zhong H, et al. Immune activation and 
response to pembrolizumab in POLE- mutant endometrial cancer. J 
Clin Invest 2016;126:2334–40.

 65 Santin AD, Bellone S, Buza N, et al. Regression of chemotherapy- 
resistant polymerase ε (POLE) ultra- mutated and MSH6 hyper- 
mutated endometrial tumors with nivolumab. Clin Cancer Res 
2016;22:5682–7.

 66 Glaire MA, Domingo E, Vermeulen L, et al. POLE proofreading 
domain mutation defines a subset of immunogenic colorectal 
cancers with excellent prognosis. Ann Oncol 2016;27:vi152.

 67 Song Z, Cheng G, Xu C, et al. Clinicopathological characteristics 
of POLE mutation in patients with non- small- cell lung cancer. Lung 
Cancer 2018;118:57–61.

 68 Gong J, Wang C, Lee PP, et al. Response to PD-1 Blockade in 
Microsatellite Stable Metastatic Colorectal Cancer Harboring a POLE 
Mutation. J Natl Compr Canc Netw 2017;15:142–7.

 69 Skoulidis F, Goldberg ME, Greenawalt DM, et al. STK11/LKB1 
Mutations and PD-1 Inhibitor Resistance in KRAS- Mutant Lung 
Adenocarcinoma. Cancer Discov 2018;8:822–35.

 70 Guibert N, Jones G, Beeler JF, et al. Targeted sequencing of plasma 
cell- free DNA to predict response to PD1 inhibitors in advanced non- 
small cell lung cancer. Lung Cancer 2019;137:1–6.

 71 Rizvi H, Sanchez- Vega F, La K, et al. Molecular determinants 
of response to anti–programmed cell death (PD)-1 and anti–
programmed death- ligand 1 (PD- L1) blockade in patients with 
non–small- cell lung cancer profiled with targeted next- generation 
sequencing. JCO 2018;36:633–41.

 72 Campbell PJ, Getz G, Stuart JM, et al. Pan- cancer analysis of whole 
genomes. bioRxiv 2017:162784.

http://dx.doi.org/10.1016/j.jtho.2018.08.1158
http://dx.doi.org/10.1186/s40425-018-0447-2
http://dx.doi.org/10.1186/s40425-018-0447-2
http://dx.doi.org/10.1093/annonc/mdw016
http://dx.doi.org/10.1200/JCO.2000.18.22.3782
http://dx.doi.org/10.1007/s00262-014-1528-9
http://dx.doi.org/10.1038/bjc.2017.70
http://dx.doi.org/10.1038/bjc.2017.70
http://dx.doi.org/10.1001/jamaoncol.2017.4771
http://dx.doi.org/10.1038/nrc.2016.36
http://dx.doi.org/10.1038/s41467-017-01018-0
http://dx.doi.org/10.1038/s41467-017-01018-0
http://dx.doi.org/10.1038/nature13480
http://dx.doi.org/10.1038/s41591-018-0101-z
http://dx.doi.org/10.1126/science.1129139
http://dx.doi.org/10.1016/S1470-2045(17)30904-X
http://dx.doi.org/10.1097/CMR.0000000000000164
http://dx.doi.org/10.1038/nature13954
http://dx.doi.org/10.1172/JCI87324
http://dx.doi.org/10.1097/PAP.0000000000000161
http://dx.doi.org/10.1126/science.aao3290
http://dx.doi.org/10.1126/science.aan4236
http://dx.doi.org/10.1016/j.jtho.2019.04.007
http://dx.doi.org/10.1093/annonc/mdx108
http://dx.doi.org/10.1126/science.aao4572
http://dx.doi.org/10.1016/j.ccell.2018.02.010
http://dx.doi.org/10.1016/j.ccell.2018.02.010
http://dx.doi.org/10.1016/j.smim.2014.01.008
http://dx.doi.org/10.1111/cas.13330
http://dx.doi.org/10.1200/JCO.2019.37.15_suppl.100
http://dx.doi.org/10.1186/s40425-015-0070-4
http://dx.doi.org/10.18632/oncotarget.22025
http://dx.doi.org/10.1038/nm.4051
http://dx.doi.org/10.1038/s41591-018-0134-3
http://dx.doi.org/10.1001/jamaoncol.2018.7098
http://dx.doi.org/10.1038/nrm3330
http://dx.doi.org/10.1158/2159-8290.CD-15-0283
http://dx.doi.org/10.1038/s41588-018-0200-2
http://dx.doi.org/10.1016/j.immuni.2017.02.001
http://dx.doi.org/10.1038/nature12113
http://dx.doi.org/10.1016/j.ygyno.2019.03.098
http://dx.doi.org/10.1001/jamaoncol.2015.2151
http://dx.doi.org/10.1172/JCI84940
http://dx.doi.org/10.1172/JCI84940
http://dx.doi.org/10.1158/1078-0432.CCR-16-1031
http://dx.doi.org/10.1093/annonc/mdw370.09
http://dx.doi.org/10.1016/j.lungcan.2018.02.004
http://dx.doi.org/10.1016/j.lungcan.2018.02.004
http://dx.doi.org/10.6004/jnccn.2017.0016
http://dx.doi.org/10.1158/2159-8290.CD-18-0099
http://dx.doi.org/10.1016/j.lungcan.2019.09.005
http://dx.doi.org/10.1200/JCO.2017.75.3384


Open access

8 Burdett N, Desai J. ESMO Open 2020;5:e000597. doi:10.1136/esmoopen-2019-000597

 73 Alexandrov LB, Kim J, Haradhvala NJ, et al. The repertoire of 
mutational signatures in human cancer. bioRxiv 2018;322859.

 74 Ulloa- Montoya F, Louahed J, Dizier B, et al. Predictive gene signature 
in MAGE- A3 antigen- specific cancer immunotherapy. J Clin Oncol 
2013;31:2388–95.

 75 Ayers M, Lunceford J, Nebozhyn M, et al. IFN-γ-related mRNA 
profile predicts clinical response to PD-1 blockade. J Clin Invest 
2017;127:2930–40.

 76 Fehrenbacher L, Spira A, Ballinger M, et al. Atezolizumab versus 
docetaxel for patients with previously treated non- small- cell lung 

cancer (POPLAR): a multicentre, open- label, phase 2 randomised 
controlled trial. Lancet 2016;387:1837–46.

 77 Deike- Hofmann K, Gutzweiler L, Reuter J, et al. Macroangiopathy is 
a positive predictive factor for response to immunotherapy. Sci Rep 
2019;9:9728.

 78 Brustugun OT, Sprauten M, Helland A. C- Reactive protein (CRP) as 
a predictive marker for immunotherapy in lung cancer. J Clin Oncol 
2016;34:e20623.

 79 Genova C, Boccardo S, Mora M, et al. Correlation between B7- H4 
and survival of non- small- cell lung cancer patients treated with 
nivolumab. J Clin Med 2019;8:1566.

http://dx.doi.org/10.1200/JCO.2012.44.3762
http://dx.doi.org/10.1172/JCI91190
http://dx.doi.org/10.1016/S0140-6736(16)00587-0
http://dx.doi.org/10.1038/s41598-019-46189-6
http://dx.doi.org/10.1200/JCO.2016.34.15_suppl.e20623
http://dx.doi.org/10.3390/jcm8101566

	New biomarkers for checkpoint inhibitor therapy
	Abstract
	Established biomarkers
	PD-L1 expression
	Tumour mutational burden
	Mismatch repair deficiency

	New biomarkers
	Conventional serum indices
	Lymphocyte indices
	Lactate dehydrogenase

	Tumorous factors
	Epstein-Barr virus: gastric cancer
	Tumour infiltrating lymphocytes

	Host factors
	Gut microbiome
	Genetic polymorphisms

	Research markers
	Interleukin-6
	T cell receptor clonality
	Peripheral blood PD-1/PD-L1
	Cell-free DNA

	Gene expression profiling
	PTEN inactivation
	POLE mutations
	KRAS/STK11 co-mutation
	Mutational signatures


	Conclusions
	References


